It has received increasing attention and has been widely used to treat a variety of human cancers in a clinical setting. In fact, ADM has the potential to become the most generally effective broad-spectrum antitumor reagent available today. Determining its concentration in a patient's urine, which undergoes active ADM chemotherapy, is crucial to some human cancer treatment. Previously, radioimmunoassay, 1 fluorescence 2,3 and chromatography 4 methods were established for the determination of ADM. ADM contains phenol groups and a quinone center, suggesting that ADM can undergo a redox reaction under proper conditions. Based on the electrochemical behavior of ADM, voltammetric techniques used for determining ADM have been established. For example, ADM in plasma was detected by differential pulse polarography. 5 It has a drawback that a mercury electrode is used. An Ni ion-implanted glassy carbon electrode was reported for the determination of ADM. 6 The detection limit of this method is 2.7 × 10 -7 mol/L, which is not sufficiently sensitive for the clinical determinations. Since being invented by Adams at the end of the 1950s, the carbon paste electrode (CPE) has been widely applied in electrochemistry, mainly as a substitute for noble metals. Carbon paste electrodes are superior to other solid electrodes in having a low residual current and noise, and in being very cheap and easy to prepare and replace; these electrodes have a wide range of anodic and cathodic applicabilities. 7 The electrochemical responses of ADM at a carbon paste electrode have been reported. 8 An electrochemical method for the determination of ADM at the carbon paste electrode based on the reduction of ADM was described. 9 In this work, the reduction peak current of ADM at the carbon paste electrode increased greatly in the presence of a cationic surfactant, such as cetyltrimethylammonium (CTAB) . After an open-circuit accumulation, a further enhancement of the reduction peak current was observed. This method has the following advantages: easy to prepare, rapid response, easy renewal, low cost and low detection limit (4 × 10 -10 mol/L after 3 min of accumulation).
Experimental
Reagents ADM was obtained from Shantou S.E.Z. Meiji Pharmaceutical Co., Ltd., with a purity of 98%. A 2 × 10 -4 mol/L stock standard solution of ADM was stored in a refrigerator in the dark. CTAB (Shanghai Reagent Corporation, China) was made into 1 × 10 -2 mol/L aqueous solution. Spectroscopic graphite was used to prepare the carbon paste electrode. Other chemicals used were of analytical reagent grade. All of the chemicals were used directly without further purification.
Apparatus
All of the voltammetric measurements were carried out with an EG&G PARC Model 366 Bi-potentiostat and recorded on a Model 3086 X-Y recorder (Yokogawa, Japan). The working electrode was a carbon paste electrode with a geometric surface area of 0.071 cm 2 . The reference electrode was saturated calomel electrode (SCE) and the counter electrode was platinum wire. All potentials were reported versus SCE.
The preparation of a carbon paste electrode
The carbon paste electrode was prepared by mixing 50 mg of graphite powder and 20 µL of paraffin oil in a small mortar; and this mixture was then homogenized. After that, the paste was pressed manually into the cavity of the electrode body, and the surface was smoothed against clean paper. Unless otherwise stated, after every measurement the paste was carefully removed prior to pressing a new portion into the electrode.
Analytical procedure
A 10 mL volume of 0.1 mol/L phosphate buffer (pH 5.5) containing a known concentration of ADM and 1.6 × 10 -4 mol/L CTAB was added into the electrochemical cell and purged with purified nitrogen for 5 min to remove oxygen, and nitrogen gas was passed over the solution during the experiment. After ADM was accumulated under an open-circuit for a certain time while stirring the solution, linear sweep voltammograms were recorded from 0.00 V to -1.00 V. The reduction peak current was measured at -0.50 V. All of the measurements were carried out at room temperature.
Results and Discussion

Voltammetric behaviors of ADM at the carbon paste electrode
The electrochemical responses of ADM in the presence of CTAB were investigated using cyclic voltammetry (CV). The results are shown in Fig. 1 . During a negative sweep, two reduction peaks, R1 and R2, were observed at the carbon paste electrode. The peak potentials were located at 0.28 V and -0.50 V, respectively. During a reverse sweep, only an oxidation peak, O1, whose potential was 0.54 V, was seen on the voltammogramms. Peaks R1 and O1 are a redox couple. As for the electrochemical behaviors of ADM at the mercury electrode, 10, 11 reduction peak R2 is attributed to a reduction of the ADM's quinone center to the hydroquinone. It can be seen from Fig. 1 that reduction peak R2 is more sensitive than the other redox couple, R1/O1, and is consequently usually used to determine the ADM concentration in a practical determination.
The peak currents of peak R2 at the carbon paste electrode in both the absence and presence of CTAB were investigated using linear sweep voltammetry (LSV). In the absence of CTAB, 1 × 10 -7 mol/L ADM has a very low reduction peak in a pH 5.5 phosphate buffer (curve a in Fig. 2 ) and the peak potential is -0.57 V; after 3 min of accumulation, the reduction peak current improves slightly (curve b in Fig. 2 ). However, in the presence of 1.6 × 10 -4 mol/L CTAB, the reduction-peak current obviously increases (curve c in Fig. 2 ). If ADM undergoes 3 min of accumulation, the reduction-peak current is enhanced further (curve d in Fig. 2 ). Meanwhile, the reduction peak potential shifts positively to -0.50 V.
Effect of the solution pH on the peak current and the peak potential
The voltammetric response of ADM is closely related to the solution pH; the influence of buffer pH on the reduction peak current of ADM was tested by LSV. Plots of the peak current versus pH over the range of 3.0 -8.0 are shown in Fig. 3 . It is apparent that the reduction peak current increases from pH 3.0 to 5.5, and then decreases from pH 5.5 to 8.0. The effect of the solution pH on the peak potential was also examined in phosphate buffer solutions. The results show that the peak potential is pH dependent and the peak potential shifts towards a negative potential with increasing pH in the range 3.0 -8.0. The slope of ∆Ep/∆pH plots appeared to be about 60 mV/pH, suggesting that the ratio between the proton and the electron, which involved in the reduction of ADM, is equal to one. In this work, phosphate buffer with pH 5.5 was selected as a supporting electrolyte.
Surfactants effects
The surfactant effects on the peak current of ADM were investigated. Cationic surfactants, such as capryltrimethylammonium bromide (CATAB), lauryltrimethylammonium bromide (LTAB), stearyltrimethylammonium bromide (STAB), cetylpyridine bromide (CPB), CTAB; anionic sodium dodecylbenzene sulfinate (SDBS) and neutral Triton X-100, were examined. In the presence of anionic SDBS and neutral Triton X-100, no obvious peak current enhancement was observed. In the presence of cationic surfactants, the reduction peak currents increased. However, the degrees for a peak current enhancement were various in the presence of different cationic surfactants.
Different surfactants have different molecule structures and charges. The existing forms in bulk solutions and arrangements at the carbon paste electrode, therefore, show significant diversity.
Consequently, the reduction of ADM at a negative potential is different. The highest peak current and the best voltammogram shape were obtained in the presence of CTAB.
The reduction peak current of ADM was related to the concentration of CTAB. While gradually improving the CTAB concentration, the reduction peak current at first increased, then changed very slightly, and finally decreased. Meanwhile, the background current gradually increased while improving the CTAB concentration. The concentration of CTAB was chosen to be 1.6 × 10 -4 mol/L for a higher peak current and a lower background current.
Effects of the accumulation potential and time
The influences of the accumulation potential on the reduction peak current of ADM in the presence of CTAB were studied. The peak current almost remained stable when the accumulation potential shifted from -0.50 V to 0.80 V. This reveals that the accumulation potential has no obvious effect on the reduction current of ADM. The accumulation was performed under the open-circuit condition.
It should be mentioned that the accumulation could improve the sensitivity of determining ADM. This phenomenon was verified in Edward's work. 9 After 3 min of accumulation, the reduction peak current in the presence of CTAB improved significantly (curve d in Fig. 2 ), compared with that in the absence of CTAB (curve b in Fig. 2) . The relationship between the accumulation time and the peak current of ADM at a mercury electrode has been reported. 12 The influences of the accumulation time on the peak current in both the absence and presence of CTAB have been examined by LSV. The results are shown in Fig. 4 . It is very clear that the peak current increases greatly in the presence of CTAB (curve b) compared with that in the absence of CTAB (curve a). The peak current increased linearly with the accumulation time over the range of 0.1 -3 min. However, with increasing accumulation time, the plot became curved. The curvature presumably indicates that a limiting value of the amount of ADM on the surface of the electrode had been achieved under the adopted conditions. A further increase in the accumulation time did not increase the amount of ADM at the electrode surface, owing to surface saturation; the peak current almost remained constant. The sensitivity for lower concentrations was improved by increasing the accumulation time, but the linear range was then diminished.
Scan rate
The effects of varying the potential scan rate on the reduction peak current of ADM were examined by LSV. The reduction peak current increased linearly with the scan rate over the range from 25 mV/s to 200 mV/s, as expected for the reduction of ADM being adsorption-controlled.
Calibration for ADM
The relationships between the peak current and the concentration of ADM were investigated. The reduction peak current changed linearly with the ADM concentration over the range from 2.5 × 10 -8 mol/L to 5 × 10 -6 mol/L. When the concentration became higher (> 10 -5 mol/L), the peak current did not change with increasing the concentration. This phenomenon may be because the adsorption of ADM on the CPE surface tends to saturation. The detection limit was 4 × 10 -10 mol/L after 3 min of open-circuit accumulation. The coefficient of variation, determined at 4 × 10 -6 mol/L ADM, was 3.0% (n = 8).
Interferences
The interferences of some metal ions and organic compounds 1091 ANALYTICAL SCIENCES OCTOBER 2002, VOL. 18 on the reduction peak current of ADM were investigated. The results are given in Table 1 . Some metal ions, such as Cd 2+ , Pb 2+ , Cu 2+ , Hg 2+ , K + , Zn 2+ and Fe 3+ , do not change the reduction peak current of ADM (signal change below 1%). Some organic compounds that perhaps exist in urine, such as ascorbic acid, dopamine, uric acid, vitamin A, also do not interfere with the signal change of ADM (signal below 1%). These results indicate that this method has good selectivity for the determination of ADM.
Determination of ADM in urine
Because of its high sensitivity, ADM was determined in the urine samples by the recommended method.
The voltammogramms for a typical analysis of ADM in urine are shown in Fig. 5 . The concentration of ADM was detected by the standard addition method. The results are summarized in Table 2 , the average recovery is 100.70%.
Conclusion
Surfactant solutions are widely used in electrochemistry for various purposes, [13] [14] [15] such as solubilization, an enhancement effect on the peak current, to change the redox potential, and to alter the diffusion coefficient etc.
Surfactants with an amphiphilic characterization can change the properties of the electrode/solution interface and influence the electrochemical processes of other substances. CTAB, a cationic surfactant with hydrophobic C-H chains and hydrophilic positive-charge head group, can adsorb on a hydrophobic carbon paste electrode via a hydrophobic interaction. Consequently, CTAB changes the double layer at the electrode/solution interface. In this work, CTAB induces ADM to adsorb at the carbon paste electrode surface, and to improve the surface concentration of ADM. Finally, a significant increase in the peak current is obtained in the presence of CTAB. Induced adsorption has two types: 15 induced adsorption and induced plus associated adsorption. The main difference between these two adsorptions is a shift of peak potential. From Fig. 2 , it is observed that the reduction peak potential shifts towards positive direction.
Thus, the enhancement action in this system should be induced plus associated adsorption. 
